Background: Germline genetic testing is standard practice in oncology. Outcomes of telephone disclosure of a wide range of cancer genetic test results, including multigene panel testing (MGPT) are unknown. Methods: Patients undergoing cancer genetic testing were recruited to a multicenter, randomized, noninferiority trial (NCT01736345) comparing telephone disclosure (TD) of genetic test results with usual care, in-person disclosure (IPD) after tieredbinned in-person pretest counseling. Primary noninferiority outcomes included change in knowledge, state anxiety, and general anxiety. Secondary outcomes included cancer-specific distress, depression, uncertainty, satisfaction, and screening and riskreducing surgery intentions. To declare noninferiority, we calculated the 98.3% one-sided confidence interval of the standardized effect; t tests were used for secondary subgroup analyses. Only noninferiority tests were one-sided, others were two-sided. Results: A total of 1178 patients enrolled in the study. Two hundred eight (17.7%) participants declined random assignment due to a preference for in-person disclosure; 473 participants were randomly assigned to TD and 497 to IPD; 291 (30.0%) had MGPT. TD was noninferior to IPD for general and state anxiety and all secondary outcomes immediately postdisclosure. TD did not meet the noninferiority threshold for knowledge in the primary analysis, but it did meet the threshold in the multiple imputation analysis. In secondary analyses, there were no statistically significant differences between arms in screening and risk-reducing surgery intentions, and no statistically significant differences in outcomes by arm among those who had MGPT. In subgroup analyses, patients with a positive result had statistically significantly greater decreases in general anxiety with telephone disclosure (TD -0.37 vs IPD þ0.87, P ¼ .02). Conclusions: Even in the era of multigene panel testing, these data suggest that telephone disclosure of cancer genetic test results is as an alternative to in-person disclosure for interested patients after in-person pretest counseling with a genetic counselor.
genetic counseling has traditionally been delivered in person (10) (11) (12) (13) .
While in-person genetic counseling has been the standard of care, alternative delivery models have been considered to reduce patient time and travel burdens, improve access, and address the shortage of genetic providers (14, 15) . Despite limited data establishing comparable outcomes, telephone delivery has been increasingly utilized by some genetic providers (11, (15) (16) (17) (18) (19) ). Yet, there have been concerns that telephone communication may be associated with poorer patient understanding and increased distress, particularly in the setting of complex genetic information (20) (21) (22) . Two randomized studies have reported that genetic counseling by phone is no worse than in-person counseling for BRCA1/2 testing (23) (24) (25) . However, broader sequencing platforms, such as multigene panel testing (MGPT) are increasingly utilized in oncology and other specialties (1, 2, (26) (27) (28) (29) . Broader sequencing is associated with a greater risk for uncertainty, including more variants of uncertain significance, uncertainties regarding risk estimates for some genes, and uncertainties regarding medical management (1, 2, 30) . There are limited data on patient outcomes with MGPT, and additional concerns about misunderstanding of results, anxiety, uncertainty, and potentially the adoption of inappropriate screening or risk-reducing surgeries (1, 2, (30) (31) (32) (33) (34) (35) (36) . Thus, it remains unknown if telephone counseling is an adequate alternative in the era of MGPT (24, 25, 37) . Further, there are no data on outcomes by test result, which are important given the potential for greater distress, uncertainty, or misunderstanding for subgroups with positive, variant of uncertain significance (VUS), or negative results (19, 25) .
To better understand the risks and benefits of telephone disclosure of genetic test results in real-world clinical practice and in the era of MGPT, we conducted the first randomized multicenter noninferiority trial comparing telephone disclosure of a range of cancer genetic testing, including MGPT. All pretest counseling was conducted in person given stakeholder data from patients and providers supporting preferences for face-toface pretest counseling prior to telephone disclosure (21, 22) . We hypothesized that knowledge and anxiety with telephone disclosure (TD) would not be inferior to the current usual care, inperson disclosure (IPD). Further, we hypothesized that there would not be statistically significant differences in outcomes among patients undergoing MGPT and those receiving positive results.
METHODS

Study Design, Setting, and Participants
From December 2012 to October 2015, participants were recruited to the Communication Of GENetic Test results by telephone (COGENT) Study, a multicenter, randomized, noninferiority trial (NCT01736345) comparing disclosure of genetic test results by telephone with a genetic counselor with usual care (in-person disclosure with a genetic counselor). At the time the study was conducted, the two randomized studies suggesting noninferiority for telephone counseling for BRCA1/2 testing had not been published. Thus, all sites still predominantly utilized in-person counseling (eg, usual care). Participants were recruited from the clinical cancer genetic programs at the University of Pennsylvania, Fox Chase Cancer Center, MD Anderson Cancer Center at Cooper, University of Chicago, and John H. Stroger Jr. Hospital at Cook County.
Participants were English-speaking adults who had completed in-person pretest counseling with a genetic counselor and were proceeding with clinical cancer genetic testing. Initially, this was limited to BRCA1/2 testing. In 2013, as multigene panels became clinically available, eligibility was expanded to include any clinical genetic testing for hereditary breast, gynecological, and/or gastrointestinal cancer syndromes (May 2014). The cost of genetic testing and services was covered by insurance or selfpay. Individuals with uncorrected or uncompensated hearing, vision, or speech impairments were not eligible.
The institutional review boards at all sites approved this study. Participants were recruited at the end of their in-person pretesting counseling session. After written informed consent, participants completed a baseline survey (T0).
Random Assignment
Participants were equally assigned to telephone or in-person (usual care) disclosure, stratified by study site and sex, and informed of their random assignment arm after completion of their baseline survey (T0). Participants who expressed a preference for in-person communication were enrolled into a third, nonrandomized arm, where outcomes were collected but they received results in-person.
Procedures
Genetic test disclosures were delivered by 22 board-certified genetic or nurse counselors. Standardized theoretical and stakeholder-informed communication protocols and visual aids were utilized (38) (39) (40) . Genetic counselors (GCs) underwent protocol training and completed counseling checklists (40) . All sessions were audiotaped.
Telephone disclosuresessions were scheduled, and all participants in the TD arm were recommended to return for a clinic visit with a site medical provider (physician or nurse practitioner) with expertise in cancer genetics to further discuss medical management.
In-person disclosure sessions with a genetic counselor and medical provider were scheduled as per usual care. Medical management discussions with medical providers occurred during the same visit, after patients received their results with the genetic counselor, consistent with usual care at all sites.
Primary Outcomes
Participants completed a postdisclosure survey (T1) within seven days after their disclosure. Outcomes were informed by our theoretical model informed by the Self-regulation Theory of Health Behavior (38, (40) (41) (42) , including potential risks of telephone communication (eg, poorer understanding of results, greater short-term distress, and poorer behavioral outcomes), as previously described (40) . Genetic knowledge was evaluated (T0 and T1) using an adapted six-item Cancer Genetics Knowledge scale (43) , which is applicable to a broad range of cancer genes and focused on understanding of test results and cancer risk (Cronbach's a ¼ .58-.60). This scale included items evaluating understanding of dominant inheritance (one item) and risk of genetic disease with positive (two items) and negative results (three items). MGPT knowledge was evaluated in individuals who were offered and elected for MGPT. This scale includes 11 items evaluating the benefits (three items), limitations (six items), and interpretation (two items) of MGPT, adapted from the ClinSeq scale and utilized in related research (Cronbach's a ¼ .57-.61) (44) .
State anxiety, a sensitive indicator of transient or situational changes in anxiety (past 24 hours) was measured (T0 and T1) with the 20-item State Inventory of the State-Trait Anxiety Inventory (Cronbach's a ¼ .96) (45) .
General anxiety was assessed (T0 and T1) with the sevenitem Hospital Anxiety and Depression Scale (HADS) anxiety subscale (46) , which has been used to assess more persistent anxiety (past week) in a wide range of medical patients (Cronbach's a ¼ .86) .
Secondary Outcomes
Cancer-specific distress was evaluated (T0 and T1) with 14 items of Impact of Events Scale (IES) (47) . We excluded one item lacking face validity in our population (Cronbach's a ¼ .89-.90).
Depression was assessed (T0 and T1) with the seven-item HADS depression subscale (Cronbach's a ¼ .82-.84) (46) .
Uncertainty was assessed (T0 and T1) using a three-item scale adapted from the Multi-dimensional Impact of Cancer Risk Assessment Questionnaire (MICRA) (48) . This scale was added with the advent of MGPT in 2014 given increased risks for uncertainty with MGPT (Cronbach's a ¼ .81-.84).
Satisfaction with genetic services was measured (T0 and T1) with a nine-item scale evaluating participants' cognitive and affective perceptions of their genetic counseling and testing experience (Cronbach's a ¼ .74-.81) (49, 38) .
Behavioral intention (T0, T1) was included as an early surrogate of performance of screening and risk reduction behaviors. These included behavioral intent to perform mammography, breast magnetic resonance imaging (MRI), colonoscopy, and prophylactic surgeries (mastectomy and oophorectomy). Patients responded on a seven-point Likert scale and could mark "not applicable" if the screening behavior had not been recommended for them.
Statistical Analysis
The study was designed as a noninferiority trial, to conclude that TD is as good as, or better than IPD at T1 (postdisclosure) relative to predisclosure (ie, change scores). Our primary outcomes included genetic knowledge, state anxiety, and general anxiety to show that telephone disclosure is not associated with unacceptably worse understanding or increased distress than in-person disclosure. We used a Bonferroni correction to account for multiple hypothesis testing. To declare noninferiority, we calculated the 1-0.0167 ¼ 98.33% one-sided confidence interval of the standardized effect (TD minus IPD), and if the bound of the 98.33% confidence interval is within 0.247 units of zero in the direction indicating that TD is worse, then TD is determined to be noninferior to IPD. We chose .247 as a relevant bound since 0.5 standard deviations has been considered a clinically relevant and medium-sized effect in the behavioral literature, and .247 was slightly less than half this clinically relevant metric (50) . The decision rule was chosen to have greater than 90% power to declare TD noninferior to IPD with 412 participants with complete data for the primary analyses, and 80% power with 290 participants with complete data for the longitudinal analyses. We assumed 1.67% type I error (one-sided) and a 0.5 within-subject correlation of the change scores. We used an intention-to-treat approach, comparing outcomes between random assignment arms rather than the actual intervention received. For primary analyses, we compared random assignment arms among those with complete data. In sensitivity analyses, we compared random assignment arms among the full sample after using multiple imputation (51) . We used complete case analyses for the primary analyses, rather than the imputation analyses as the primary analyses, because we felt that complete case analyses were more conservative with respect to a noninferiority trial. For secondary outcomes, we also performed noninferiority analyses, but set the type I error rate to 5% (one-sided).
In secondary analyses, we also compared outcomes using t tests in subgroups of clinical interest, those who received an MGPT result and outcomes by test result. In these secondary subgroup analyses, the criteria for statistical significance was a nominal P value of 5% or smaller. We assessed balance between randomization arms using t tests and chi-square tests as appropriate for continuous and categorical variables. We similarly compared characteristics of those who declined participation with those who did not, and those who did and did not complete baseline surveys, and those lost and not lost to follow-up. Noninferiority tests were one-sided, with a 1.67% type I error rate, but all other statistical tests were two-sided; a P value of less than .05 was considered statistically significant.
Results
Study Participants
Enrollment, random assignment, and survey completion data are shown in Figure 1 ; 1178 (68.8%) patients consented to the study, and 970 (82.3%) agreed to be randomly assigned. Two hundred eight (17.7%) declined random assignment due to a strong preference for IPD. Those who declined participation were more likely to be older (mean ¼ 52.31 vs 49.34 years, P ¼ .001), have a history of cancer (63.4% vs 55.3%, P ¼ .002), be of Ashkenazi heritage (21.4% vs 14.3%, P ¼ .001), not have a known genetic mutation in the family (83.3% vs 79.0%, P ¼ .01), and live closer to the study site (18.9 miles vs 31 miles, P ¼ .03) compared with consented participants (data not shown).
Four hundred seventy-three participants were randomly assigned to TD, 497 to IPD (usual care); 291 (30.0%) had MGPT. There were no statistically significant differences between randomly assigned groups ( Table 1 ). The mean age of randomly assigned participants (SD) was 48.25 (12.86) years, 83.2% were non-Latino white, 59.2% reported a college education, and 28.2% had MGPT (Table 1) . Those who declined random assignment were more likely to be older (P ¼ .008), to have had MGPT (P ¼ .001), or to be at Fox Chase Cancer Center, and were least likely to be at the University of Chicago (P < .001). Genetic counselor fidelity to communication topics was high (88.4% for IPD, 87.9% for TD).
There were no demographic differences between the random assignment arms among those who completed baseline and T1 surveys (Supplementary Table 1 , available online). There were no other baseline psychosocial differences between the arms. Those lost to follow-up at T1 had lower baseline knowledge in the TD arm compared with the IPD arm (P ¼ .05), while those not lost to follow-up had higher baseline knowledge in the TD arm compared with the IPD arm (P ¼ .005). Differences between those with and without follow-up are included in Supplementary Table 2 (available online) . *Individuals approached prior to non-BRCA1/2 and multigene testing adaptation. †Multiple reasons for decline were reported per participant. ‡Participants who expressed a preference for in-person communication were enrolled into a third, nonrandomized arm, where outcomes were collected, but they received results in-person. §Survey not completed within seven days. kCanceled because of lack of insurance coverage. ¶Individuals who were disclosed by telephone at the participant's behest (n ¼ 31), disclosed by telephone due to illness/financial burden (n ¼ 3), and received results in-person with a non-COGENT provider (n ¼ 3). #This includes 37 who declined intervention as assigned and did not complete the postdisclosure survey within seven days. Relative; SDR=Second Degree Relative. †There were no statistically significant differences between randomized group when including only the subset with paired data.
Noninferiority Analyses and Differences in Cognitive, Affective, and Behavioral Outcomes
Of our primary outcomes, TD was noninferior to IPD for general and state anxiety, but it did not meet noninferiority thresholds for knowledge (Figure 2 ). The mean reductions in state anxiety and general anxiety were greater for TD participants than IPD participants, and the bounds of the one-sided 98.33% confidence intervals that would indicate that TD was inferior did not cross the noninferiority threshold (a CI bound of 0.247 standardized units suggesting that TD was inferior). The confidence interval bound for increase in knowledge did cross the noninferiority threshold in the complete case analysis, but not in the multiple imputation analysis (Figure 2 ), suggesting that TD may not be noninferior to IPD for knowledge gain. TD was noninferior to IPD for all secondary outcomes, including cancerspecific distress, depression and uncertainty, and multigene knowledge. There were no statistically significant differences between randomly assigned arms in change in or postdisclosure intention to perform cancer screening or risk-reducing surgeries (Table 2) . With the exception of knowledge, results with imputed data were consistent with results from complete case analyses (Supplementary Table 3 , available online). Perprotocol analyses did not differ from the intention-to-treat analyses.
Differences in Outcomes Among Participants Who Had Multigene Testing and by Test Result
In secondary subgroup analyses, there were no statistically significant differences in any outcomes among the subset of patients who had MGPT (Table 3) . Among participants who received a positive result, those in the TD arm had statistically significantly greater decreases in general anxiety (change in anxiety ¼ -0.37 in TD arm as compared with þ0.87 in the IPD arm, P ¼ .02) (Supplementary Table 4 , available online). Those with uninformative negative results had greater declines in uncertainty in the TD arm (change in uncertainty ¼ -0.22 in TD arm as compared with þ0.89 in the IPD arm, P ¼ .08), among the subset who completed this measure. Those with a true-negative result had greater declines in general anxiety in the TD arm.
Discussion
This study provides evidence that telephone disclosure is, in general, not inferior to usual care, in-person disclosure of genetic test results for affective outcomes (eg, no greater increase in anxiety or distress) immediately postdisclosure, even in the era of more complex multigene panel testing. This finding is similar to previously reported outcomes with BRCA1/2 testing, but importantly was identified in this multicenter study including participants undergoing cancer genetic testing for a wider range of cancer types and including multigene panel testing. There have been concerns that counseling patients for testing of multiple genes of varied risk and cancer type could increase risks for misunderstanding and distress (23, 24 ). Yet, in this study, telephone disclosure was still found to be noninferior to in-person disclosure of results for all outcomes except for knowledge. Although knowledge did not meet the noninferiority threshold in the complete case analysis, it did in the multiple imputation analysis, suggesting that telephone may not be noninferior to in-person disclosure for knowledge gain.
It is important to note that in contrast to the prior studies, our study included in-person pretest counseling, based on patient and provider stakeholder data, suggesting this is the preferred model for delivery when in-person counseling is available. Additionally, the 22 participating genetic counselors utilized the tiered-binned model for pretest counseling (39) , and our telephone communication protocols include specific provider probes to assess patient understanding and emotional responses in the absence of visual cues (40) . Thus, outcomes could differ with different approaches as telephone disclosure is more widely adopted into cancer care. Given our findings, we recommend careful attention to patient understanding as telephone disclosure becomes increasingly utilized in a wider range of clinical practice settings.
These findings have several clinical implications. First, telephone disclosure of results after in-person pretest counseling may be a reasonable alternative to requiring patients to return for in-person disclosure, minimizing burden for many patients without introducing clinically significant risks. Second, almost 20% of patients in our study and 30% in Schwartz et al. declined participation given a preference for in-person counseling (23, 52) . Other studies have shown that uptake of testing is lower with telephone pretest counseling (23) (24) (25) . Collectively, these data provide rationale for maintaining in-person pretest counseling when available and for providing the option for inperson disclosure for patients who prefer in-person communication, particularly in the era of more complex MGPT (52) .
To our knowledge, this is the first study to report outcomes comparing telephone and in-person disclosure by test result. Patients and providers have raised concerns about the potential for greater distress with telephone disclosure among patients receiving a positive result, or the potential for misunderstanding for those receiving a VUS or uninformative negative result (11, 21, 22) . In secondary subgroup analyses by test result received, we found no statistically significant differences between groups for most outcomes, and there was less increase in anxiety with telephone disclosure for those receiving a positive result. It is possible that the process of traveling to and waiting in the medical setting has the potential to cause greater distress and negative anticipation (52) . Alternatively, it may be that receiving results from a genetic counselor by phone (without a discussion of medical management with a medical provider in the same visit) is associated with less anxiety.
We acknowledge several limitations to these data. We utilized multiple imputation to account for missing follow-up data. While this did not change our findings for most outcomes, this was not the case for knowledge. As using imputed data can be associated with potential biases, careful attention to patient understanding with telephone communication is recommended. These data represent immediate postdisclosure outcomes, and longitudinal data will inform any impact on riskreducing and screening behaviors. We selected a knowledge measure that is applicable to a range of cancer genetic results (eg, many knowledge scales utilized to assess genetic testing outcomes are BRCA1/2 specific), but we had modest internal consistency for this outcome. This scale may represent several discrete knowledge constructs evaluated (eg, lower correlation between test items), and further analyses evaluating which construct patients don't understand could inform improvements in genetic counseling. These data don't address the use of telephone for pretest counseling. Subgroup analyses were limited by sample size, although they represent the largest available samples to date. Genetic counselors utilized counseling checklists to limit variability in the content of disclosures and therefore were not blinded to research participation status. Lack of reimbursement remains a key barrier to widespread implementation of telephone disclosure, providing additional support for changes in billing and reimbursement for telephone services (11, 23, 52) .
These data suggest that telephone disclosure is a reasonable alternative to in-person disclosure of genetic test results among interested patients after in-person pretest counseling, even with multigene panel testing and with careful attention to patient understanding as telephone disclosure becomes increasingly utilized in a wider range of clinical practice settings.
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